on the range. He found that browse comprised the major portion of the diet, with mast crops being sought after and consumed in quantity whenever available.
Competition between deer and cattle for grasses appeared negligible except in late winter and early spring.
Competition for forbs was also highest during this period.
This paper presents results of the first phase of deer food habits research on the Welder Wildlife Refuge in the Coastal Bend region of South Texas. The study was designed to determine composition of winter-spring deer diets on common-use ranges of the area and to develop food preference criteria as a basis for management.
Study Area and Methods
The study was conducted on the Rob Thomas (1962) . Climate, soils, topography, vegetation, and history of land use on the study area have been described in detail by Box (1961) and by Box and Chamrad (1966) . The flora of the study area consists of a complex of approximately 1,000 plant species (Jones, Rowell, and Johnston, 1961; Gould and Box, 1965) . Some 16 plant communities have been mapped and described on the Refuge (Box and Chamrad, 1966) . The area, in general, may be appropriately depicted as a grassland-bushland complex ( Fig. 1) .
Forage production in the area is normally limited during mid and late winter (January-February), while a period of peak production normally occurs from March through June (Box, 1960 Deer collections were made on the basis of soils and range plant communities. In each collection, attempts were made to take two animals, at random, that had been feeding in plant communities of upland clay and clay loam sites, two animals at random from plant communities of upland sandy and sandy loam sites, and one animal at random from a lowland mixed soils site. The lowland sites represented less extensive areas of either swalrs, dry lake beds, or river bottomlands.
Rumen samples were handled and prepared for analysis according to standard procedures and technique madifica~ dons of Chamrad (1966) . Rumen contents were sampled using the point analysis method of Chamrad and Box (1964) , and a water suspension technique, aided by widefield binocular microscope, and reference collections.
Working reference collections of plant materials in various stages of phenology were used as aids in identification. These consisted of (1) mounted specimens on 4 x 6 inch index cards, and (2) succulent materials preserved and stored in 2 X % inch plastic vials of 10% formalin. A complete verified herbarium of all plant species recorded for the study area was also utilized.
Vegetational attributes of the range were evaluated by ocular reconnaissance, the point method, and the line interception method (National Academy of Sciences-National Research Council, 1962) . The phenology of vegetation on the area was also studied at periodic intervals during the winter-spring period.
Preference Ratings
In order to more accurately evaluate the relative importance of individual forage plants in the diet, preference ratings were calculated using (1) frequencies of occurrence in rumens, (2) volumetric percentages in rumens, and (3) availability of plants on the range. Frequencies of occurrence and volumetric percentages were derived through runen analyses. Range sampling data were used to establish availability classes, with associated numerical availabil~ ity factors, for all plant species or groups occurring in deer diets. The following availability classes were used: rare-l, occasionalL2, frequent-3, abundant-4. Preference values were calculated for each species or plant group in the diet by multiplying percent frequency of occurrence in rumens times percent volume in *nmens. This preference value, calculated from romen data, is camparable to that described by Dwyer (1961), using frequency Preference ratings were then calculated by weighing prei~ erence values against availability of species on the range. This preference rating is similar to the index of forage preference described by Van Dyne and Heady (1965) .
The following formulae were used to arrive at relative preference ratings of species used by white-tailed deer on the Welder Wildlife Refuge:
Preference Value = Percent Frequency x Percent Volume Preference Value Preference Rating = Availability Factor
The preference rating for any given species is relative to every other species with which it occurs on the range and in the diet during a given season or grazing period.
Results and Discussion Distribution and Fluctuation of Forage Classes in Deer Diets
The extent of use of the major forage classes (browse, forbs, and grasses) constitutes a useful and valid criterion for evaluating and comparing diets of range animals. Differences between the three major foray-e classes in deer diets on the Welder Wildlife Rk uge were highly significant (P < .Ol). Deer on the Welder Wildlife Refuge were primarily ,~azers, rather than browsers during the winter-sprmg period (Fig. 2) Mast was of insignificant importance in deer diets on the Welder Refuge during this study. The limited amounts of mast which occurred in the diet were included in the forage classes of respective parent plants.
Mean values for forage classes in deer diets for specific periods in the spring of 1964 and the winter of 1965 are compared with those of similar periods in 1963 (Fig. 3) . Growing conditions preceding and during these periods were much more favorable in 1964 and 1965 than in 1963. Although species compositions in deer diets were considerably different for the periods compared, relative proportions of the major forage classes in the diets were very similar.
Marked fluctuations occurred in the composition of deer diets during the winter-spring period. The distribution of major forage classes in the diet at biweekly intervals throughout the 1963 winterspring period is presented in Fig. 4 . Differences between dates within forage classes were highly significant.
Values shown for each collection date are mean values including three major site groups. Differences between sites within forage classes in the diets were not statistically significant. Heavy utilization of forbs and grasses, with only light to moderate browsing, was the general trend in deer food habits throughout the winter-spring period.
The primary use of browse was during January and May, when green forage of herbaceous species was scarce on the range, and when mast was locally available from several browse species. These results represent diets of freely foraging deer on fair and good condition range with a wide selection of species of all forage classes. In contrast with previous studies, there appeared to be a much stronger trend in preference for and utilization of herbaceous species throughout the winterspring season. in the number of species occurring in deer diets can be related in some respect to the phenology and availability of plant species on the range.
Certain species made up as much as 50 to 60% of the volume of a few individual diets. Frequencies of occurrence reached 82%. These, however, were exceptional cases. Many other species occurred in individual diets in amounts of less than 5% by volume, and many occurred as only a trace (less than 1% by volume) in individual rumens and in the overall diet.
Many biologists consider low volumetric percentages (5% or less) for individual species as only trace items. A large portion of the Welder deer diet was a composite of items occurring in amounts of less than 5% by volume.
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category have the potential to make significant contributions to deer diets in a dynamic habitat. Such individual food items were given due consideration in the total diet, since the point contact method of rumen analysis (Chamrad and Box, 1964) 
Diet in Relation to Range Sites and Plant Communities
Major differences in species composition exist between plant communities supported by different groups of range sites on the Welder Refuge (Box and Chamrad, 1966) . In deer diets, there were no significant differences between site groups within forage classes; however, highly significant differences existed between the specific diets of animals feeding on different groups of range sites. Rumen analyses revealed only minor instances of combined use of clay and sandy sites. In most instances, foraging immediately prior to collection had been restricted to either clay and clay loam sites or to sandy and sandy loam sites. However, there was combined use of closely associated plant communities within these broad edaphic groupings. Deer that had been feeding in lowland mixed soils sites had usually also fed in the surrounding upland areas, regardless of what the upland areas were.
Likewise, animals that fed near lowland areas invariably ventured into these areas for a small portion of their diet.
Under Grazing concentrations on the sandy sites are more apparent after vegetation begins to green up following rains. Vegetative response to improved moisture conditions is usually quicker on the sandy soils than on the fine-textured soils; also, vegetation responds to lighter precipitation on the sands than on the clays. Much of the rapid green-up on sandy soils following rains is in the form of ephemeral plants, but there is also a marked response among the perennial plants. Perennial species made greater contributions than annual species in the winter-spring diets of deer sampled in 1963, 1964, and 1965 .
New plant growth is frequently more available and more abundant in recently treated brush-control areas. This is especially true relative to browse species (Box and Powell, 1965) . Some mechanical brush-control treatments also generate early successional stages which produce an abundance of annual forbs and grasses. However, new growth is also generated among some perennial forbs and grasses. In January 1965, deer were collected from an area that had been rootplowed in the summer of 1963. Rumen analyses revealed that the composite of perennial plant species was considerably more important in these diets than the composite of annual species.
Deer concentrations on the dry lake beds are most pronounced during periods of severe drought. Under such conditions, some green vegetation persists for longer periods in these depressions than on the surrounding upland sites. It is not known just how much significant shifting actually occurs between the major range site groups of clay and clay loam soils and those of sandy and sandy loam soils during grazing concentrations, or at other times. Based upon findings of Michael (1965) , it is doubtful that the deer involved in these grazing concentrations have extended or gone beyond their normal home ranges.
From the standpoint of management it is important to establish precedence and degree of use of individual forage species contributing to the diets of animals using a given range.
Each site stands alone, relative to its potential contribution to the diet of a grazing animal. Therefore, evaluations of individual plant taxa in the diet should be made in relation to some ecological entity, such as plant community or range site. High priority forage plants for each of three major range site groups were established on the basis of (1) preference ratings and (2) combined contributions of a minimum of 50% of the total volume of diet from a given site group.
Clay and clay loam sites.-High priority forage plants contributing to deer diets on clay and clay loam sites during the winter-spring season are presented in Table 1 . This group of 12 forage plants throughout the season. There were only minor differences in the distribution of the major forage classes in the diets from different range site groups. However, major differences existed between specific diets of deer from the different sites. Distinctive diets, relative to species composition, existed for clay and clay loam sites, for sandy and sandy loam sites, and to some extent for lowland mixed soils sites.
High priority forage plants for each site group were determined on the basis of preference ratings and combined volumetric contributions to the diet. A minimum of 160 different plant taxa occurred in the winter-spring diet. From 12 to 15 taxa were determined to be high priority forage plants for each range site group. Four plant taxa were common to all three sites as high priority forage plants in deer diets. From 66 to 75% of the high priority forage species were perennials.
During the winter-spring period in South Texas, the diet of white-tailed deer varied according to availability and phenology of range vegetation, but was strongly modified by forage preferences. 
